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Wity R ERTE, B RIH E, BRRMAEIR, #47 HE k&, B8R S58F Rabik, BEA L5 0 iR e
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Sandy on Antithrombotic Effect of Fibrinolytic Enzyme from Sipunculus Nudus on the Carotid Artery
Thrombus Induced by FeCl; in Rats

LI Yingxin, HUANG Xiaoliang, XU Chongyao, LI Fusen, MENG Meifang, L1 Shu’(Pharmaceutical College of
Guangxi Medical University, Nanning 530021, China)

ABSTRACT: OBJECTIVE To investigate the antithrombotic effect of fibrinolytic enzyme from Sipunculus nudus(SNFE) on
the carotid artery thrombosis induced by FeCls in rats. METHODS SD rats were divided into sham surgery group, model
group, aspirin group(100 mg-kg™") and the high and low dose of SNFE groups(5 000 and 2500 IU-kg™). After 14 d of
continuous intragastric administration, arterial thrombus was induced by 30% FeCls. Blood samples were collected through aorta
abdominals at 1 h after the arterial thrombus formation, and the four coagulation indicators, the plasma levels of tissue-type
plasminogen activator(t-PA) and plasminogen activator inhibitor-I(PAI-I) were measured. Thrombus weight (wet and dry weight)
in each group was weighed, thrombus formation rate was calculated, and the morphology of thrombus was observed by HE
staining. RESULTS Compared with the sham surgery group, the prothrombin time(PT), thrombin time(TT) of the model group
was significantly shortened and the content of fibrinogen(FIB) was significantly increased(P<0.05 or P<0.01). Compared with
the model group, the prolongation of PT and active partial thromboplastin time, and the decreasing of FIB in high dose group had
statistically significant (P<0.05 or P<0.01), while the indicators of low dose group showed trendy of improvement. Compared
with the sham surgery group, the t-PA and t-PA/PAI-I of the model group were significantly reduced(P<0.01), but there was no
significant difference in PAI-I. Compared with the model group, the t-PA of the high and low dose groups and the t-PA/PAI-I of
high dose group were obviously increased(P<0.05 or P<0.01). There was no significantly difference in PAI-1. Compared with the
model group, the dry weight and wet weight of thrombus decreased in SNFE groups, and the inhibition rates were 56.86% and
41.67% in high dose group and 21.57% and 11.90% in low dose group respectively. Dense thrombus was found in the blood
lumen of the model group, the low dose group had less thrombus than the model group, and there was no obvious thrombus in the
aspirin group and the high dose group. CONCLUSION SNFE can inhibit the formation of common carotid artery thrombosis
induced by FeCls in rats by affecting coagulation and fibrinolysis systems.

KEYWORDS: Sipuncula nudus; fibrinolytic enzyme; FeCls; carotid artery thrombus
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KRV 250 F IR, R 3536 47 7 45 Fh ik
S HOHT R 250 TE AR B . AT, IR
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e, . AR SRR AR TR
T R 1 k2 85 4 S rl G O 1) T v I A T
PEESL, UPEHLALACER S, A TR A 2
R B8 IR R £ TT Ko AR BB S o #R O A A
(Sipunculus nudus) X440 4L, Ferb E 324 KAEP
JURAEEE . INARGEMITENEE, Rk RE LR
G RIR SRR, RIBAHE SRS . %
B, TEIifREE . RAEFB IR BB
W, IERESEAR. Bk, R
BYUAAL. POREE . PUE . AT RIEMERY, H
A, 05 A R A ST R A B DA SG#
2 ARSI, W HZG AN E W TF &8 T
VRS . S PR A 2 v Tk J
A TR IR Z —, © NI Y
7 b L H PN I v T R A ) 22 R R R T
(LS. 2L201010210919.5), ¥4 FCriir
% 5 AT B (fibrinolytic enzyme from Sipunculus
nudus, SNFE), RAifAWFIE & SNFE HA B A
LK A 27 8 ONGE TEE, ZEPUBEM . 0 ) i
IINBR IR AR DL B RAP L8 9 K A VR, R
H—E I LT R DT, H SNFE #2207
B HPIAE, AR A R B R R R B S M
{8, PIIEVE R A= 9 R R 25 5 A A BIAR G A
— BT R, Kt BEYRIT . AR50 s
FeCls 1755 (1K R 80 ik i A2 A 7 L4 SNFE il
B 1 24 245 I XoF S BK AR T B S, 3 A )
B M S 2TV RGEA SRR bR, W1 HE I BL
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pLiioe S8
1 MH55E&
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1.2 5

SNFE #1557 SCHR[8]: A% AL B ik
(BIET) T PHAL AR U I ) 210, BRPREE DTTE LR AR
FH M, Sephadex G-75 BERC T Uk 4lifb 5 2R 25 (O
K, GAYEE AR ERE T 50 IUkg™,
FeCls( I H G £ H K F A R, #it5 .
201503125 Zr#ral); & i ff 5 B 3] (prothrombin
time, PT)JE i &dHES . 105259), i&4LE
E ML ][] (activated partial thromboplastin time,
APTT) I 2 i A & (HE 5 . 112177) . &€ 1L g s (7]
(thrombin time, TT)MlE XA &HS: 121136).
214 75 1 JR (fibrinogen,  FIB)IM %2 37 & (L5
132077)¥904 B i KRBHAEYHE AR AR AR, HE
21 i I 005 W) (tissue-type plasminogen activator,
t-PA)IEX BRI & (LS . 16011401), T HILF3
JE 3 3E W) 4 i PR (plasminogen  activator
inhibitor-I, PAL-T) Ik G 58 15055 & (FiE5- : 16011402)
B B b B SRR FRAF .
1.3 U=

ME204E L3t KV (M4 - 4601 2 ) ; MC-
1000 HL3 38 [ 81 (72 & 901 /> /)5 Spectramax
Plus384 LK FPR I (GEE MD A F),
14 Hik
1.4.1  KRERISS MK FBAR A S SD R R
117 0 S NI RN 1 7 N =i 11 7 N
(100 mg-kg™"). SNFE fXF|&41(2 500 1Ukg™).
SNFE /&l &4H(5 000 IU-kg™"), 440 10 2, B
F AR MBI TR KA, HAKHAT
N5, BRHEE 1k, 1528 14 do RIRG 25 1 h
&, FAHKELL 10%K 45 & #E[0.3 mL-(100)g™'1iE
F T SRR, AT, B A I EUR B
ko FAMZLZNIKE T A 1.2 em SEA9E
UMY A T B, BRIFARAI, e
25 I A I 350 30 ok B BRI 3% 20 ul 19 30%
FeCl; HIRAYIELALSR(1.0 cm X 1.0 cm), I T2
BEME, 15 min JFECFUEAUA, WM £ M2
P2 B Sk Bl ok AR 2 A T
1.4.2 BRI ARG 25 H KR T
5 1 h RS 10%7K 55 #E[0.3 mL-(100)g™']
JRIE, SR FH AR IR B 0 6 SR 1ML DA =8 8 kR 1
2mL, 3000 r-min~' B> 15 min, B2 MK, #%
HEEHR Ui B, SR 42 H s e 30 22 PT  APTT,
TT. FIB; %t EDTA $i&ER M AL R 2 mL,

Chin J Mod Appl Pharm, 2021 August, Vol.38 No.15 - 1799 -



3000 r-min~! 0> 15 min 3575 2 M3, KRR
S E t-PA . PAI-IL,
1.4.3 AT A HR M e B 585 5 b5t
W, S B BCA A PR T A3 s A S Bl ik, e
ABRER KR, UEARIR T SR, R R R
PEACHRH AL RS AR AR 0.7 om 1 & A 9 1M 45 Bt
PREE; [RIRERS IR AR 0.7 om 20 M5 58 30 ik i 45
BRI BT FR T, Ko 3 0T R ek B A i
0.7 cm K IAF B P M AR TR . BEAR R Y )
5 BORAFR I, T 45 CIEMR, PR
e E, JEor iR 2 il AR i =
A T2 S 00 ) 338 = (A 760 2 300 o {— 52 56 2 )
S )/ 2 7 1] % 100%
1.4.4 IR HE Yeta # a0z sh ik B
AR A RYE, A 10%FEERE SE, R LA
M IR IF#E4T HE 4,
1.5 SGiileaabsg
FrAEHREILL X £ 5 FoR AL L ECR I SPSS
16.0 FRAFHEAT R ZE T 22081, LA P<0.05 A%

TR
2 R

2.1 XTEEINL 4 TS BRI
S5 FARHAE, R4 PT. TT BB 4%54,

%= 1 SNFE X #t i 4 Ty 2o (X s, n=10)
Tab. 1

FIB &8 1 31 (P<0.05 8% P<0.01), S HIL H
B, PTR]DCAKRZL PT W 4B, SNFE & . (K5
H AT R A A s, Horp Rl g4l PT.
APTT #E, FIB B9 & &I /DA it 2 L (P<0.05
5 P<0.01), &SR WE 1,
2.2 NEFE R GRS

H5RFRA LS, BRI -PA A -PA/
PAI-T B 3 /b (P<0.01), PAI-I & A W B 22 5
SRR Hh#s, SNFE . GHIE48 -PA &
HH 38 01(P<0.05 BY P<0.01), PAI-I & &34 H R
Z5, ERIE Y t-PA/PAL-T SRR A 5i 1T
2E S (P<0.01), ZERWFE 2,
2.3 RFI AT B 5 e

ERERIZ g, SNFE &, 55 a2 A0 A+
B E AR, Hoh SNFE RHEL4 T E . &
e 41 %) T R B SR LA A gt
S (P<0.05 B P<0.01), 45 ILE 3,
2.4 XTI ALUEA IR

FEEAYZH 100 757 P AT DL R B0 i Bk, SNFE
VR0 S 2 0 A O R R AR A P, BT ] DT AR
ZHFN SNFE il AR A /D i il  HE 2 F/ A
FOA AR, 25U 1,

Influence of SNFE on four items of blood coagulation (x s, n=10)

I3el F PT/s APTT/s TT/s FIB/mg-dL"!
BFARA / 14.81£1.47 20.85+4.17 32.15+2.48 25.02+4.20
FHIZH / 13.07+1.72% 18.8043.66 28.75+3.68% 47.2316.47)
Fi] ] DS AR 28 100 mg-kg™! 14.81£1.9% 21.16+4.00 30.99+6.18 39.61+10.47
SNFE fIL5 741 2500 IU-kg™! 14.73£2.08 19.71£2.96 30.12+4.13 42.43£17.24
SNFE 5l 741 5000 IU-kg™! 15.94+2.749 24.96+5.199 32.24+3.89 36.40+8.8%

H: HERTFARHAMLL, DP<0.01, 2P<0.05; SHBIHAMLL, YP<0.01, 9P<0.05,
Note: Compared with sham surgery group, VP<0.01, ?P<0.05; compared with model group, ¥P<0.01, “P<0.05.

%2 SNFEMLHEZLEHZH(XLs, n=10)
Tab. 2 Influence of SNFE on fibrinolytic system(x*s,
n=10)

%3 SNFE #f FeClI3 % F 80 it % B B #7 (x £5 , n=10)
Tab. 3 Influence of SNFE on the thrombus induced by
FeClz3(x x5, n=10)

el Fil ik t-PA/pg-mL~" PAI-I/ng'mL~! t-PA/PAI-I
BFAR4L / 170.69+46.98  2.09+0.57 88.47+14.98
HRTY 2 / 72.36+14.85)  1.95+0.67 46.07+14.37Y

FIFIICARZ] 100 mg-kg™ 113.80+£31.213 1.9940.34  58.44+11.08
SNFE fik#] 2 500 IU-kg™' 109.43+40.779 2.21£0.49 53.98+19.64
frei
SNFE &#] 5000 IU-kg™' 134.13£35.922  2.04%0.59  76.05+17.67%
A
T SEFARAMIL, P<0.01; SEELIAALL, 2P<0.01, YP<0.05,

Note: Compared with sham surgery group, DP<0.01; compared with
model group, 2P<0.01, 3P<0.05.
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2 ) B/ T/

Jr4a ) 5 /mg ETA Timg 5505
FAIZH / 1.68+0.30 1.0240.29
BTEIVEARA] 100 mg-kg™  1.1840.19% 29.76  0.62+0.05? 39.22
SNFE %] 2500 1Ukg™ 1484025 11.90 0.80+0.082 21.57

el
SNFE %] 50001U kg 0960330 41.67 0.4440.14D 56.86
el

TE: SRR, DP<0.01, 2P<0.05,
Note: Compared with model group, "P<0.01, 2P<0.05.
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: SELLA (N
1 SNFE %t A R 5 30 ik i A4 40 40 A 529 (HE, 400%)
A-1ERIZ ; BB RIPLAR(100 mg-kg™"); C-SNFE {5 41(2 500 [U-kg™"); D-SNFE &3l 41(5 000 [U-kg ™).

Fig. 1 Effects of SNFE on the morphology of carotid artery thrombosis in rats(HE, 400x%)

A-model group; B—aspirin group(100 mg-kg™"); C—low dose group of SNFE(2 500 1U-kg™'); D—high dose group of SNFE(5 000 IU-kg™).

"

3 g

AT SR AT R R R R L, ALFE LA
)57 L U111 A Y TR AN 17 TGRS o N R L ES B
RGOV e PR A5 55 FeCls 1] LLVE S8 s ik i
HJFEHRE T Fe? e A2 A AR Bl a4
Fegsithn, gl /TS LRSI REGEROE , JFE
A IR LT 1 PR AR e B AR AL, RS R
B AR IR, AR T B A S R 5 A
FARPLTIARRL, HATR A R R A, AR
Ry, MY/ . PUEE. (R AYE
AR LT AHFZE 8 SNFE Hipit: 45 25 %) FeCls
V51 Sl K AR TR B R 52 M), S 645 5 7R , SNFE
A —E M S kA T R E R, JCHEDLE
R, HimemE, TEYRERYHE
KA, H HE etz B Bor, A PR M4
Ji AT A 8 AR, SNFE i 77 H 25 145 s oA I A
CL 28 B sk D

EEIM RGN R GV R A FeCls W55
M)A A EEAEH, FHARLHEET
SNFE X} #E Il FI£F R GEAH AR PRAYSE I . &EIM 4
T2 K AT B 1 D) RE R FH A8 A0, Horp PT ey
JEANEPEEE MR TIRE, APTT OB fd /& Py
EEIMIRRIIRE, TT SBeiy 3t [FEE M s 2 D 6E,
R £F 4k 8 1 5 e S B4R TR % AR S A R ER Y
e FIB RIMBEM N7 1, et i id £ 2
HBT, PR BE I BRI T e AL AR 1 i 2 4
. SHFARALE, BRIYHM PT. TT 4k,
FIB #fn, HAREMES, WHEHENKD), 5
BRI LL#, SNFE @l 4d] PT. APTT 31
K, FIB &HFAK, H) SNFE A]fig [ mf 0 1 4k
VAP B I A A0 RN P R PR I AR A%, I FLRE 3 I
W) R EER A

R E IR P22 2021 4F 8 A4 38 4555 15 1

t-PA 2 LA PN B2 43 U — B BT R TG M
FEIEH AR T, MR, HAR TR [FAE
Hi PN B2 AN A B I PAL-T FF K3, t-PA FlI
PAL-1 1 Bl A A , X AEREHLAAR LT %5 D BE i Fa Sl
P Ve . (BAE A N B . A 4EsE il
RN (118 IR 7 el S = i) by N A |
PN, tPA RIS RIE N, t-PA 5 T 54 4E&
F455, LR 2R 11 3R TS T I 1 2 15 1 )i
SRS AT IR T, R i 2T o 2 P () AR 40 ot TR
¥, BEHERENCHEY M, LR EIR,
SNFE & . I =41 ¥R B B3 «PA /K-,
XF PATL-T 1 7 5 Ve A BH A 52 ), g 59 i 4 P
P2E T PA/PALL W HLMA, X B SNFE 1] figil
IEHEIN t-PA F9KF-, TS t-PA/PAL-L LU, G
MURI LRI R G0, MR E 21 15 il D 28 A i
il , 2 T M AR TR

FE R H R 259 287 ) R SRV #2550
ks, Bit, MWITFZshPikm ks .
AR TS AR B2 IR S gk I IR 8, ik
WEE . AN TUAEE . WG . SRR . O
FEWEAE , RS G 52 e RSB A A B e R
i s B A DR BT e U, BEg kB, )
WEGZRE B 2iiE, BAR B WO B e R AR s
PR, ABYH 10%RBEHEPE 731 LURRER i X &g
WO 32 3 N I YR R P AR W s D), AR N G
il 5 b R AL 25 SR 116, SNFE [RlRE Sy 24
RAIRE ABE, FHX5rT s 33.25 KD, 7F pH 5~9,
TEE 30~50 °CHi Bl N AR R R Sy, ml o vy A
P IE IR AR SEER 25 R B SNFE HE B 45 25 n] 1)
il FeCls 53 M MR T J, JHE F1 RIS A ML sl ]
Al e S IR AEAR AL, BARPLHIE A TR 2L
E— 5 .

Chin J Mod Appl Pharm, 2021 August, Vol.38 No.15

-1801 -



REFERENCES

(1]

[6]

[7]

[8]

-1802 -

ZHU W T. Research progress of antithrombotic agents[J].
Chin J Clin Pharm( H [ IIfi JR 24 2% 2% ), 2018, 27(5):
365-370.

BLUNT J W, COPP B R, MUNRO M H, et al. Marine natural
products[J]. Nat Prod Rep, 2003, 20(1): 1-48.

WANG C, ZHANG G J, LIU W D, et al. Recent progress in
research and development of marine drugs[J]. Chin J Mar
Drugs("'EVEVEZ51), 2019, 38(6): 35-69.

CHEN WY, LIJ L, CHEN W S, et al. Research progress on
nutrition ingredients and pharmacological effects of
Sipunculus nudus[J]. J Anhui Agric Sci(Z B EI=), 2018,
46(12): 20-22.

LI Y X, HUANG X L, HUANG Y H, et al. Study on the
anti-coagulation effect and mechanism of fibrinolytic enzyme
SNFE in Sipunculus nudus[J]. China Pharm(1[E25)53), 2017,
28(28): 3938-3941.

HUANG Y H, HUANG X L, QIN F Z, et al. Improvement
effects of fibrinolytic enzyme from Sipunculus nudus on
hemorheology disorder and vascular endothelium injury of
naked acute blood stasis model rats[J]. China Pharm(F[EZj
J37), 2019, 30(19): 2628-2631.

LI Y X, LI X X, HUANG Y H, et al. The in vitro
anti-thrombolytic effect and bio-security of fibrinolytic
enzyme SNFE from Sipunculus nudus Linnaeus in Guangxi
coastal area of China[J]. Nat Prod Res Dev(KIR =I5t 5
%), 2016, 28(11): 1789-1792, 1844.

LEI D Q, LI X X, LIAO G S. Study of fibrinolytic enzyme
from Sipunculus nudus Linnaeus in Guangxi coastal area[J].
Nat Prod Res Dev( K™ # W55 5FF %), 2013, 25(7):

Chin J Mod Appl Pharm, 2021 August, Vol.38 No.15

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

897-902.
T, BEM. =AY AR R 2 S LR
DRt ). A S 2 W 5097 2k &, 2010, 24(6):
537-539.
LIU D Y, ZHU Q H, LIU T S, et al. Clinical efficacy of
dipyridamole combined with Shuxuening in the treatment of
acute cerebral infarction with ultrathrombolytic time
window[J]. Chin J Mod Appl Pharm(H E AR T Z2),
2020, 37(10): 1214-1217.
2%, B MAT R ITRERB S E R[], RER PR SRR,
2010, 7(13): 1391-1393.
WANG Q Y, WU Y Q, XU R A. Method to increase the oral
bioavailability of natural thrombolytic pharmaceutical[J]. Chin
J Clin Pharmacol Ther( " [ IIfi PR 25 24 53497 %), 2016,
21(5): 572-578.
LU L, SUO H Y. Recent research advances in Douchi
fibrinolytic enzyme[J]. China Condiment(* FElJHI i), 2011,
36(4): 10-13.
HUANG Y H, QINF Z, L1 Y X, et al. The effects of Spirulina
kinase in rats with acute blood stasis[J]. Chongqing Med( Pk
[£2#), 2017, 46(36): 5047-5048,5051.
HE Z M, LI C H, SUN Y N, et al. Advances in mechanism
research on the oral absorption of protein polypeptide
components in Chinese traditional medicine from animal[J].
Shanghai J Tradit Chin Med(_-¥#H EEZ5Z4&), 2016, 50(9):
97-100.
FUJITA M, HONG K, ITO Y, et al. Transport of nattokinase
across the rat intestinal tract[J]. Biol Pharm Bull, 1995, 18(9):
1194-1196.

ek H . 2020-09-10

(RSCTE 9 RTA L)

rp E IR P22 2021 4F 8 A5 38 45505 15 1



